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[57] ABSTRACT 

An apparatus for removing static electricity from 
charged articles existing in a clean space, particularly in 
a clean room for the production of semiconductor arti 
cles, includes a AC ionizer having a plurality of needle 
like emitters disposed in a flow of clean air. A discharge 
end of each emitter is coated with a dielectric ceramic 
material. Opposite conductors are also included which 
are respectively positioned apart from the discharge 
end of each emitter by a predetermined distance. Each 
opposite conductor is grounded. Emitters of some of 
the discharge pairs are connected to a high voltage AC 
source having added thereto negative voltage bias to 
thereby form pseudo negative pole emitters, and emit 
ters of the other discharge pairs are connected to a high 
voltage AC source having added thereto a more posi 
tive voltage bias relative to the negative voltage bias to 
thereby form pseudo positive pole emitters. 

16 Claims, 15 Drawing Sheets 
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APPARATUS FOR REMOVING STATIC 
ELECTRICITY FROM CHARGED ARTICLES 

EXISTING IN CLEAN SPACE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to the production of 

semiconductor elements in clean rooms, and more par 
ticularly, to an apparatus for dealing with the various 
difficulties caused by static electri?cation. Such difficul 
ties include breakdown and performance deterioration 
of semiconductor devices, surface contamination of 
products due to absorption of ?ne particles and opera 
tional faults of electronic instruments located in such 
clean rooms. 

2. Description of the Related Art 
As high integration, high speed calculation and en 

ergy conservation are promoted in semiconductor de 
vices, the oxide insulation ?lms of semiconductor ele 
ments have become thinner and the circuits and metal 
electrodes of such elements have been miniaturized, and 
thus, static discharge frequently causes pit formations in 
the elements and/or fusion or evaporation of metallic 
parts of the elements, leading to breakdown and perfor 
mance deterioration of the semiconductor devices pro 
duced. For example, some MOS-PET and GaAs de 
vices cannot withstand a voltage as low as 100 to 200 
volts, and thus, it is frequently necessary to maintain the 
surface voltage of such semiconductor material ele 
ments at about 20 volts or lower. When semiconductor 
elements have completely broken down, the defect may 
be detected upon delivery examination. It is, however, 
very difficult to identify performance deterioration of 
such elements. In order to reduce static electricity re 
lated difficulties, the objective is to reduce to the extent 
possible the exposure of semiconductors to static elec 
tricity, that is, to prevent charged articles from ap 
proaching the semiconductor elements, and to neutral 
ize all such charged articles. However, using prior art 
technology, it has not been possible to completely 
achieve such an objective. Examples of surface voltage 
measurements of various articles involved in the pro 
duction of semiconductor devices include 5 kV for a 
wafer, 35 kV for a wafer carrier, 8 kV for an acrylic 
cover, 10 kV for a table surface, 30 kV for a storage 
cabinet, 10 kV for the technician’s garments and 1.5 kV 
for a quartz palette. 

Recent super clean room technology has made it 
possible to realize a ?ow of supplied clean air contain 
ing no particles having a diameter of 0.03 pm or more. 
However, ?ne particles are inevitably generated from 
the presence of operators, robots and various manufac 
turing apparatus located in the clean rooms. Such inter 
nally generated particles may have a diameter in the 
range of 0.1 pm to several tens of um, and when such 
particles are deposited on the wafers of LSI and VLSE 
devices having a minimum line distance which is as 
small as 1 pm, the result is faulty products which re 
duces the production yield. It has been recently estab 
lished that the deposition of line particles on wafers is 
primarily attributed to electrostatic attraction and that 
the particular air flow patterns in the vicinity of the 
wafers is substantially unrelated to such deposition. 
Accordingly, prevention of such surface contamination 
of products due to the deposition of ?ne particles may 
only be achieved by the development of a technology 
for removing static electricity which does not directly 

p1 O 

25 

45 

50 

60 

65 

2 
relate to the technology for enhancing the cleanliness of 
clean rooms. 

Furthermore, in the case wherein electronic equip 
ment is located in the clean room, discharge currents 
created by the discharge of charged articles, for exam 
ple charged human bodies and charged sheets of printer 
paper, may create static noise causing faults in the oper 
ation of the electronic equipment. To avoid such opera 
tional faults it is desired that the static electricity of 
charged articles existing in the clean room be elimi 
nated. 
To eliminate the above-discussed various dif?culties 

caused by static electri?cation in the clean room, it is 
effective to neutralize the charged articles existing in 
the clean room. In cases where the charged articles are 
electrically conductive, neutralization can be carried 
out by simply grounding the charged articles so that 
static charges can be rapidly removed. However, from 
a practical standpoint it is impossible to ground all 
charged articles existing in the clean room, and in cases 
where the charged articles are insulators, they cannot 
be neutralized by grounding. As for wafers, although 
they are themselves conductive, they are transported 
and handled in cassette cases or palettes which are insu 
lating. Accordingly, it is difficult to neutralize wafers 
by grounding. For these reasons, there have been pro 
posed systems for removing static electricity which 
employ ionizers. 
The underlying principle of such ionizer systems is as 

follows. In a clean room, air particles are removed by 
passing the air through ?lters in a ?ow direction, which 
is substantially one direction. An ionizer for ionizing air 
by corona discharge (ion generator) is disposed up 
stream the ?ow of clean air (normally in the vicinity of 
the air exhaling surfaces of the ?lters) to provide a flow 
of ionized air, which comes in contact with the charged 
articles to neutralize static electricity on the charged 
articles. Thus, positively and negatively charged arti 
cles are neutralized by negatively and positively ionized 
air, respectively. 
Three general types of corona discharge ionizers are 

known-the pulsed DC type ionizers, the DC type 
ionizers and the AC type ionizers. In such ionizers, 
emitters are disposed in an air space and a high DC or 
AC voltage is applied to each emitter so that an electric 
?led of an intensity higher than the dielectric break 
down voltage of air is created in the vicinity of the 
emitter, thereby effecting corona discharge. The known 
types of air ionizers will now be described in some detail 
below. 

Pulse DC type. As is diagrammatically shown in 
FIG. 19, direct currents having, for example, voltages 
of +13 kV to +20 kV and - 13 kV to —-20 kV, respec 
tively, are alternately applied at a given time interval 
(e.g. from 1 to 11 seconds) to a pair of needle-like emit 
ters (tungsten electrodes) 100a and l00b disposed 
spaced from each other by a predetermined distance 
(for example several tens of cm), whereby positive and 
negative air ions are alternately generated from each of 
the emitters 100a and 10Gb. The ions so generated are 
carried by air flow to a charged article 101 to neutralize 
static charges of opposite polarity on the article 101. An 
example of the DC pulse applied to the emitters is 
shown in FIG. 20. 
DC type. As is diagrammatically shown in FIG. 21, a 

pair of insulator coated electrically conductive bars 
102a and 1021) respectively having a plurality of emit 
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ters 103a and 10% extending therefrom at l to 2 cm 
intervals, are disposed parallel to each other with a 
predetermined distance (for example several tens of cm) 
therebetween. A positive DC voltage (e.g. +12 to +30 
kV) is applied to the emitters 103a of the bar 102a, while 
a negative DC voltage ((e g. from — 12 to —30 kV) is 
applied to the emitters 103b of the bar 102b, thereby 
ionizing air. 
AC type. An AC high voltage of a commercial fre 

quency of 50/60 Hz is applied to needle-like emitters. 
As is diagrammatically shown in FIG. 22, a plurality of 
emitters 104 are arranged in a two dimensional expanse 
and connected to a high voltage AC source 105 via a 
frame work of conductive bars 106 having insulating 
coatings. For each emitter, a grounded grid 107 is dis 
posed as an opposite conductor so that the grid 107 
surrounds the discharge end of the emitter 104 with a 
space therebetween. When the high voltage AC is ap 
plied to emitter 104, there is formed an electric ?eld 
between the emitter 104 and the grounded grid 107. 
This electric ?eld inverts its polarity in accordance with 
the cycle of the applied AC, whereby positive and nega 
tive ions are generated from the emitter 104. 

All such known types of ionizers pose various prob 
lems, as noted below, when they are employed to neu 
tralize charged articles in a clean room. 

Firstly, the emitters themselves contaminate the clean 
room. It is said that tungsten is the most preferred mate 
rial for the emitter. When a high voltage is applied to 
the tungsten emitter to effect corona discharge, a great 
deal of ?ne particles (almost all of them having a diame 
ter of 0.1 pm or less) are sputtered from the discharge 
end of the emitter upon generation of positive ions, and 
are carried by the ?ow of the clean air to thereby con 
taminate the clean room. Furthermore, since the dis 
charge end of the emitter is damaged by the sputtering, 
the emitter must frequently be replaced. 

Secondly, when an ionizer is made to operate for a 
prolonged period of time in a clean room, white particu 
late dust (primarily comprised of SiOg) deposits and 
accumulates on the discharge end of the emitter to the 
extent that it may be visible. While the cause of such 
white particulate dust is believed to be attributed to the 
material constituting the ?lters, the deposition and ac 
cumulation of the particulate dust on the discharge end 
of the emitter poses a problem in that ion generation is 
reduced and contamination is increased due to scatter 
ing of the dust. Accordingly, the emitter must fre 
quently be cleaned. 

Thirdly, a plurality of emitters disposed on the ceiling 
of the clean room may increase the concentration of 
ozone in the clean room. Although the increased ozone 
concentration is not especially harmful to humans, 
ozone is reactive and undesirable in the production of 
semiconductor devices. 

In addition to the above-discussed common prob 
lems, the individual types of known ionizers involve the 
following problems. 
With DC type ionizers, in which some emitters (emit 

ters 103a on the bar 1020 in the example shown in FIG. 
21) generate positive ions, while the other emitters 
(emitters 103b on the bar 102b in the example shown in 
FIG. 21) generate negative ions, and in which such ions 
are carried by the air flow, frequently there is an imbal 
ance in the number of positive or negative ions which 
arrive at a charged article. The charged article often 
receives only ions having the same polarity as that of 
the static charge thereon. In this case the charged arti 
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4 
cle is not neutralized. On the contrary, an uncharged 
article or slightly charged article may experience an 
increased charge as a result of the ions carried thereto. 
While such a phenomena is likely to occur in the case 
where the distance between the electrodes (the distance 
between the rods 102a and 102b in the example shown 
in FIG. 21) is fairly large, if the distance is made short 
to counter this problem, a new problem of sparking is 
posed. 
With pulsed DC type ionizers in which the polarity of 

the ions is reversed at a predetermined interval, positive 
and negative ions are alternately supplied to the 
charged article. Accordingly, the condition in which an 
imbalance of positive or negative ions is continuously 
supplied to the charged article, as is the case with the 
DC type ionizers, is avoided. However, if the pulse 
period is short there is an increased possibility that the 
positive and negative ions will admix in the air flow and 
thus disappear before they reach the charged article. To 
the contrary, if the pulse period is long, although the 
possibility that the ions will disappear is decreased, 
large masses of positive and negative ions will alter 
nately arrive at the charged article. It is reported by 
Blitshteyn et al. in Assessing The Effectiveness of 
Cleanroom Ionization Systems, Microcontamination, 
March 1985, pages 46-52, 76 that with pulsed DC type 
ionizers, the potential of a charged surface decays in a 
zigzag manner, for example, as shown in FIG. 23. Ac 
cording to this report, static electricity on a charged 
surface does not disappear, rather static loads of about 
+500 volts and about —500 volts alternately appear on 
the charged surface. Such a large surface potential may 
reduced the production yield since recent super LSI 
devices may be damaged even by a surface potential on 
the order of several tens of volts. 
AC type ionizers suffer from an imbalance in the 

number of generated positive ions and the number of 
generated negative ions. Frequently, the number of 
positive ions generated is more than ten times the num 
ber of negative ions generated‘Shown in FIG. 24 are 
measurement results reported by M. Suzuki et a1. de 
picting the densities of the positive and negative ions 
generated by an AC type ionizer. See the Japanese 
language literature, Proceedings of The 6th. Annual 
Meeting for Study of Air Cleaning and Contamination 
Control, (1987) pages 269-276, and the corresponding 
English language literature, M. Suzuki et al., Effective 
ness of Air Ionization Systems in Clean Rooms, 1988 
Proceedings of The IES Annual Technical Meeting, 
Institute of Environmental Sciences, Mt. Prospect, Illi 
nois, pages 405 to 412. As seen from FIG. 24, the den 
sity of negative ions is markedly lower than that of 
positive ions. The measurement as shown in FIG. 24 
was made with an AC type ionizer installed in a space 
wherein clean air was caused to flow downwards in a 
vertical direction from horizontally disposed HEPA 
?lters. In FIG. 24, a reference symbol “d” designates a 
vertical distance extending from the point where the 
measurement was carried out to the emitter points, a 
reference symbol “1” designates a horizontal distance 
extending from the point where the measurement was 
carried out to a vertical line passing through a central 
point of the ionizer, and the BACKGROUND data 
denote the positive and negative ion densities of the air 
?ow when the ionizer was OFF. With the conventional 
AC type ionizers supplying positive ion rich air, the 
charged surface is not neutralized, rather it may remain 
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positively charged at a potential on the order of several 
tens of volts to about +200 volts. 

SUMMARY OF THE INVENTION 

Accordingly, an object of the invention is to provide 
an apparatus for removing static electricity from 
charged articles existing in a clean space, particularly in 
a clean room for the production of semiconductor de 
vices. Particularly, the invention aims to solve the 
above-discussed problem of the ion imbalance associ 
ated with known AC type ionizers, as well as the above 
discussed problems common to known ionizers, that is, 
the contamination of clean rooms due to emitter sput 
tering, the deposition and accumulation of particulate 
dust on emitters and the generation of ozone. 
The above and other objects are achieved by an appa 

ratus for removing static electricity from charged arti 
cles existing in a clean space according to the present 
invention. Such an apparatus includes an AC ionizer 
having a plurality of needle-like emitters disposed in the 
flow of ?ltered clean air, wherein an AC high voltage is 
applied to the emitters to effect corona discharge for 
ionizing air, and whereby a flow of thus ionized air is 
supplied onto the charged articles to neutralize the 
static electricity thereof. The apparatus is characterized 
in that a discharge end of each of the needle-like emit 
ters is coated with a dielectric ceramic material, in that 
each of the emitters is disposed with its discharge end 
spaced apart by a predetermined distance from a 
grounded grid-like or loop-like opposite conductor to 
form a discharge pair, in that a plurality of such dis 
charge pairs are arranged in a two dimensional expanse 
in a direction which transverses the ?ow of clean air, 
and in that emitters of some of the discharge pairs are 
connected to a high voltage AC source having added 
thereto a negative voltage bias to thereby form pseudo 
negative pole emitters, while emitters of the other dis 
charge pairs are connected to a high voltage AC source 
having added thereto a voltage bias which is more posi 
tive than the negative voltage bias to thereby pseudo 
positive pole emitters, the pseudo negative pole emitters 
and pseudo positive pole emitters being discretely ar~ 
ranged in the two dimensional expanse. 
We have found that by coating a discharge end of the 

needle-like emitters with a thin ?lm of dielectric ce 
ramic material, dust generation from the discharge end 
upon corona discharge in response to the application of 
an AC high voltage can be minimized without substan 
tially lowering the ionizing ability of the emitter, and 
that when such an emitter having the discharge end 
coated with a ceramic material is used in a clean room, 
not only can the deposition of particulate dust on the 
discharge end be avoided, but also the ozone generation 
in the clean room can be minimized. Suitable dielectric 
ceramic materials which can be used herein include, for 
example, quartz, alumina, alumina-silica and heat resis 
tant glass. Of these, quartz, in particular transparent 
quartz, is preferred. The thickness of the ceramic coat 
ing on the discharge end of the emitter is suitably 2 mm 
or less. In the case of transparent quartz, the thickness is 
preferably 0.05 to 0.5 mm. Incidentally, if a DC high 
voltage is applied to such an emitter having the dis 
charge end coated with a ceramic material, air can be 
ionized by an electric ?eld generated at the discharge 
end of the emitter during the moment of application of 
DC high voltage. However, after the lapse of a particu 
lar time period (for example 0.1 second in an air flow of 
0.3 m/sec), ions of a polarity opposite to that of the 
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6 
applied voltage surround the emitter to weaken the 
electric ?eld at the discharge end of the emitter, 
whereby generation of ions is no longer continued. 
Accordingly, it is necessary to use an AC high voltage. 
We have further found that the basic problem of the 

imbalance in the positive and negative ion densities 
associated with AC type ionizers, as well as the problem 
of the neutralization of the generated ions existing in the 
air ?ow due to the polarity changes with respect to time 
in accordance with the frequency of the applied AC, 
can be almost completely solved by adding predeter 
mined bias voltages to the applied AC high voltage so 
that some emitters (pseudo positive pole emitters) may 
continuously form positive ion rich air, while the other 
emitters (pseudo negative pole emitters) may continu 
ously form negative ion rich air in spite of the fact that 
an AC high voltage is applied. Thus, by suitably locat 
ing such pseudo positive pole emitters and pseudo nega 
tive pole emitters in a ?ow of clean air, it is possible to 
supply air having a balanced number of positive and 
negative ions to the charged articles which are to be 
neutralized. 
The discharge end of each pseudo negative pole emit 

ter is preferably positioned downstream by a predeter 
mined distance from the corresponding grounded grid 
like or loop-like opposite conductor with respect to the 
?ow of air. It is advantageous for emitters of some 
discharge pairs to be connected to a common high volt 
age AC source having added thereto a negative bias 
voltage to thereby form pseudo negative pole emitters, 
while emitters of the other discharge pairs to be con 
nected to a common high voltage AC source having 
added thereto a positive bias voltage to thereby form 
pseudo positive pole emitters. Both of the high voltage 
AC sources may be conveniently provided using a volt 
age controlling device equipped to transform commer 
cially available AC into an AC source of a predeter 
mined high voltage and to add respective predeter 
mined positively and negatively biased DC voltages to 
the transformed AC, and a voltage operating part for 
adjusting the AC high voltage and the biased DC volt 
ages. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will now be described in detail with 
reference to the attached drawings in which: 
FIG. 1 is a schematic perspective view of an air ion 

izer used according to the apparatus of the present in 
vention; 
FIG. 2 is a cross-sectional view of an example of an 

emitter which may be used in the ionizer of FIG. 1; 
FIG. 3 is an enlarged side view showing an emitter 

and opposite conductor pair which may be used in the 
ionizer of FIG. 1; 
FIG. 4 is a cross-sectional view of another example of 

an emitter which may be used in the ionizer of FIG. 1; 
FIG. 5 is a cross-sectional view of a further example 

of an emitter which may be used in the ionizer of FIG. 
1; 
FIG. 6 is a perspective view showing grounded loop 

shaped opposite conductors which may be used in the 
ionizer in FIG. 1; 
FIG. 7 is a side view showing an example of the 

relative position of the emitter and the corresponding 
opposite conductor which may be used in the ionizer of 
FIG. 1; 
FIG. 8 is a side view showing another example of the 

relative position of the emitter and the corresponding 
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opposite conductor which may be used in the ionizer in 
FIG. 1; p ‘ 

FIG. 9 is a diagram showing an example of a circuit 
for a voltage controlling device and its voltage operat 
ing part which may be used in the ionizer of FIG. 1; 
FIG. 10 is a diagram showing an example of a pre 

ferred assembly of circuits for a voltage controlling 
device and its voltage operating part which may be used 
in the ionizer of FIG. 1; 
FIG. 11(a)—(c) show examples of square waves ob 

tained by the circuit assembly in FIG. 10; 
FIG. 12 illustrates a testing method and apparatus 

used herein; 
FIG. 13 is a wave diagram for illustrating an effective 

AC component of a high voltage AC applied in the test 
of FIG. 12; 
FIG. 14 is a wave diagram for illustrating a bias volt 

age used in the test of FIG. 12; 
FIG. 15 is a graph showing measured positive and 

negative ion densities plotted against the added bias 
voltage V5 obtained in the test of FIG. 12 under the 
indicated conditions; 
FIG. 16 is an AC wave diagram for illustrating ef 

fects of a bias voltage; 
FIG. 17 is an explanatory diagram for showing the 

state of the discharge part at the time a positive voltage 
(a) of FIG. 16 is being applied; 
FIG. 18 is an explanatory diagram for showing the 

state of the discharge part at the time a negative voltage 
(b) of FIG. 16 is being applied; 
FIG. 19 is a schematic illustration of a conventional 

pulsed DC type ionizer; 
FIG. 20 is a wave diagram of a voltage applied to the 

ionizer of FIG. 19; 
FIG. 21 is a schematic illustration of a conventional 

DC type ionizer; 
FIG. 22 is a schematic illustration of a conventional 

AC type ionizer; 
FIG. 23 shows an example of a change in surface 

potential of a charged article with respect to time when 
a conventional pulsed DC type ionizer is used; and 
FIG. 24 shows an example of positive and negative 

ion densities generated by a conventional AC type ion 
izer. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

FIG. 1 schematically depicts an example of an air 
ionizer used in the apparatus according to the present 
invention. The ionizer includes a plurality of discharge 
pairs 4 which are each made up of a needle-like emitter 
2 and a grounded loop-shaped opposite conductor 3. 
The discharge pairs 4 are arranged in a two dimensional 
expanse in a direction transversing a flow direction 1 of 
clean air. HEPA or ULPA ?lters (not shown) are dis 
posed upstream of the positions of the discharge pairs 4 
such that air that is cleaned by the ?lters passes through 
the discharge pairs 4. A unidirectional air flow which 
has passed through the discharge pairs 4 is directed 
towards the charged articles. In the illustrated example, 
each needle-like emitter 2 is disposed with its end ex 
tending in the downstream direction of the air How, and 
each ring-shaped opposite conductor 3 is arranged 
transversing the air now. The end of the emitter 2 is 
positioned on or about an imaginary vertical line pass 
ing through the center of the ring of the opposite con 
ductor 3. Further, in the illustrated example, six dis 
charge pairs 4, each including an emitter 2 and opposite 
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8 
conductor 3, are arranged in a line at substantially the 
same interval, and four such lines are arranged substan 
tially in parallel and substantially within a same plane. 
Emitters 2a in the ?rst line of FIG. 1 and emitters 2a in 
the third line of FIG. 1 are connected through a com 
mon insulated conductive line 60 to an output terminal 
7a of a voltage controlling device 5, while emitters 2b in 
the second line of FIG. 1 and emitters 2b in the fourth 
line of FIG. 1 are connected through a common insu 
lated conductive line 6b to an output terminal 7b of the 
voltage controlling device 5. As described later in more 
detail, the output terminal 7b supplies a high AC volt 
age having added thereto a predetermined negatively 
biased voltage, whereas the output terminal 7a supplies 
a high AC voltage having added thereto a predeter 
mined less negatively biased voltage relative to the 
output terminal 7b, or optionally a positively biased 
voltage. A reference numeral 8 designates a voltage 
operating part of the voltage controlling device 5. All 
of the ring-like opposite conductors 3 are grounded by 
a common insulated conductive line 9 to the earth 
ground 10. 
FIG. 2 is a cross-sectional view of an example of the 

emitter 2. The emitter used herein is characterized in 
that its discharge end is coated with a dielectric ceramic 
material. The emitter illustrated in FIG. 2 comprises a 
tungsten rod 12 having a tapered needle portion 13 at 
one end and a tube 14 of a ceramic material concentri 
cally containing the tungsten rod 12. The ceramic tube 
14 also has a sealed tapered end portion 15. The tung 
sten rod 12 is placed so that the end of its tapered needle 
portion 13 comes in contact with inner surface of the 
tapered end portion 15 of the ceramic tube 14, whereby 
the tapered needle portion 13 of the tungsten rod 12 is 
coated with the thin ceramic tube 14. In the example 
shown in FIG. 2, the outer diameter of the tungsten rod 
12 is slightly smaller than the inner diameter of the 
ceramic tube 14, and the tapered needle portion 13 of 
the tungsten rod 12 tapers at an angle which is more 
acute than that of the tapered end portion 15 of the 
ceramic tube 14. Thus, by encapsulating the tungsten 
rod 12 with the ceramic tube 14 so that the tapered 
needle portion 13 of the former contacts the tapered end 
portion 15 of the latter, the center of the end of the 
tapered needle portion 13 of the tungsten rod 12 may be 
naturally ?tted to the center of the inside surface of the 
tapered end portion 15 of the ceramic tube 14. The 
other end 16 of the tungsten rod is jointed to a metallic 
conductor 17. This joint is made by intimately and con 
centrically inserting a predetermined depth of the tung 
sten rod 12 at its end 16 into an end of a metallic rod 17 
having a diameter larger than that of the tungsten rod 
12. The metallic rod 17 is received in a tube 18 of an 
insulating material such as glass, to which the other end 
19 of the ceramic tube 14 is also connected via a seal 
member 20. As shown in FIG. 2, the emitter 2 is posi 
tioned with its discharge end 21 having a ceramic cover 
spaced apart from the corresponding grounded ring 
shaped opposite conductor 3 by a predetermined dis 
tance and substantially along an imaginary vertical cen 
tral line of the opposite conductor ring 3. This position 
ing is made by suspendedly supporting the emitters 2 on 
an insulated conductor 6 which is suf?ciently rigid to 
support the emitters 2 and thus in itself serves as a frame 
member for supporting the emitters. The insulated con 
ductor 6 may include a relatively thick metallic conduc 
tor 17 coated with an insulating resin 22 (for example, 
?uorine resins such as “Te?on”), and also serves as a 












